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i) Information storage apparatus. 

?) An information data storage apparatus (RR) 
stores one or more blocks of information data 
on a recording disc (1). Each block is divided 
into a plurality of sectors. The disc has a main 
recording area and a secondary recording area. 
After recording one or more blocks by a record- 
ing head (2), the same recorded area is scanned 
again for the verification of the recorded data. 
By the verification, defect sectors are detected 
and are registered in a buffer (9). After record- 
ing a number of blocks (k) with a number of 
detected defect sectors registered in the buffer 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an information 5 
storage apparatus and, more particularly, to an infor- 
mation storage apparatus for use in a digital data stor- 
age apparatus. 

2. Description of the Prior Art 10 

In Fig. 4, the write-and-verify operation of a con- 
ventional information storage apparatus is shown. In 
this information storage apparatus, after receipt of a 
write-and-verify (W/V) command which requires a is 
post-inspection of the written data from the main con- 
trol device such as a host computer, the control unit 
controls a read-and-write (R/W) head to move (seek) 
to the destination track at step S32. 

At step S33, the original data representing the 20 
original information is transferred to a data buffer 
through an I/O unit. 

The control unit further controls so that the R/W 
head confronts the destination sector in the desti- 
nation track at step 34. 25 

At steps S35 and S36, "m" number of sectors are 
written with the original data from the data/buffer. The 
R/W head may be shifted a number of tracks away 
from the destination track. 

Next, at step 37, the R/W head seeks again to the 30 
destination track, and the destination sector is detec- 
ted at S38. 

After the detection of the destination sector, the 
original data that has been stored in the destination 
sector is read for verification of the written data at step 35 
S39. 

At step S40, when it is judged that the data written 
on the verified sector is in error, a portion of the origi- 
nal data that should be written on that sector is re-writ- 
ten to another sector. The supply of the original data 40 
to another sector is effected by the data buffer. 

At step S42, when it is judged that "m" number of 
sectors are not verified yet, the operation returns to 
step S39 and repeats the operations at steps S39, 
S41, and S42 until when "m" number of sectors are 45 
verified. 

Further, at step S43, until when whole of the origi- 
nal data ("k" blocks of sectors) is written, it is judged 
as "No" and then the operations returns step S32. 
After step s43, the operation according to the W/V 50 
command terminates. 

Recently, a disk-shaped recording medium such 
as a floppy disk or a hard disk which stores data mag- 
netically or an optical disk which stores data optically 
is commercialized. 55 

In Fig. 5, an optical disk, for example, is shown. 
The optical disk is logically formatted so as to have a 
plurality of circular tracks defined by a plurality of con- 



centric circles. Furthermore, each of tracks is also 
divided into some arch shaped portions defined by a 
plurality of diametrical lines equally spaced to each 
other. In this optical disk, the outer circumferential 
portion is a secondary recording area for use by the 
system and the inner circumference portion is a main 
recording area for storing the original information 
data. 

However, such an optical disk (including another 
disk shaped medium) is likely to have physical orfunc- 
tional defects elongating over plural sectors or tracks. 
In this case, the defect extends overthe Nth and (N+1) 
th tracks within the main recording area. 

According to the conventional data storage 
apparatus described above, when the optical disk of 
Fig. 5 is subject to W/V operation, the data write error 
is detected at the sectors 3 at the Nth and (N+1) th 
tracks, which sectors are regarded as defect sectors. 
At every time of verification of that sectors, the R/W 
head moves between the Nth and (N+1) th tracks and 
the secondary recording area for rewriting the original 
data corresponding such defect sectors to the secon- 
daryrecording area. 

This movement of the R/W head during the veri- 
fication takes much time and reduces the processing 
speed of the W/R operation. 

SUMMARY OF THE INVENTION 

The present invention has been developed with a 
view to substantially solving the above described dis- 
advantages and has for its essential object to provide 
an improved information storage apparatus. 

In order to achieve the aforementioned objective, 
an information data storage apparatus for storing one 
or more blocks of information data, each block having 
a plurality of sections, on a recording medium having 
first and second recording areas, which apparatus 
comprises a first data storing means for storing the 
information data in sections, a write/read means for 
writing and reading the information data on and from 
the recording medium, an defect detection means for 
detecting a writing defect within the data written on the 
recording medium and for nominating a section that 
has a writing error as a defect section, a second data 
storing means for storing identification data repre- 
senting the defect sections, and a control means for 
controlling the mite/read means such that the 
write/read means is moved to the first recording area 
for recording at least one block of the information 
data, and that the write/read means is moved to the 
second recording area for sequentially recording the 
information data of the defect sections as identified by 
the second data storing means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the pre- 
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sent invention will become clear from the following 
description taken in conjunction with the preferred 
embodiments thereof with reference to the accom- 
panying drawings throughout which like parts are 
designated by like reference numerals, and in which: 
Fig. 1 is a blockdiagram of an information storage 
apparatus according to the present invention; 
Fig. 2 is a flow chart showing a write-and-verify 
(W/V) operation according to a first embodiment 
of the present invention; 

Fig. 3 is a flow chart showing a write-and-verify 
(WW) operation according to a second embodi- 
ment of the present invention; 
Fig. 4 is a flow chart showing a write-and-verify 
(WW) operation according to the conventional 
information storage apparatus; and 
Fig. 5 is an illustration of assistance in explaining 
an example of disc shaped recording medium 
having an defect in the recording area. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



First embodiment 

Referring to Fig. 1, an information storage 
apparatus RR according to a first embodiment of the 
present invention is shown. A disk-shaped recording 
medium 1 for storing information is rotatably suppor- 
ted by a motor 3. The motor 3 is connected to a control 
unit 6. 

A read-and-write head 2 (R/W head) is arranged 
to oppose to a surface of the recording medium 1 so 
as to write information in the form of modulated signal 
Sm carrying the original information thereto and to 
read the written information to produce a reproduced 
signal Sr therefrom. The R/W head 2 is connected to 
a R/W head control unit 4 which controls the move- 
ment of the R/W head 2. 

The R/W head 2 receives and sends the read- 
and-write signals to a signal processing unit 5 which 
produces the modulated signal Sm based on original 
signal So indicative of original information, and the 
demodulated signal Sd based on the reproduced sig- 
nal Sr. 

Furthermore, R/W head control unit 4 and signal 
processing unit 5 are respectively connected to the 
control unit 6 which controls the motor 3, R/W head 
control unit 4, and signal processing unit 5. The con- 
trol unit 6 is further connected to a data buffer 7 which 
temporarily stores the original signal So, a defect sec- 
tor storage buffer 9 which temporarily stores the data 
representing defect sector of the record ing medium 1 , 
and an interface unit 8 which communicates with the 
host computer (not shown). The data buffer storage 7 
is also connected to the interface unit8, through which 
the information storage apparatus RR is connected to 
the host computer. 



Referring to Fig. 2, a data mite-and-verify (W/R) 
operation of the information storage apparatus RR 
according to a first preferred embodiment of the pre- 
sent invention is described. As the recording medium 

5 1 , for example, an optical disk used for storing infor- 
mation or data optically is employed. The optical disk 
is physically formatted by the known art so as to have 
a main recording area and a secondary recording 
area, as shown in Fig. 5. It is to be noted that any 

w recording medium other than optical disk suitable for 
storing the data such as a magnetic disk, a magnetic 
card, or a magnetic tape may be employed as the 
recording medium 1. 

First, when the control unit 6 receive a write-and- 

15 verify (W/V) command from the host computer 
through the interface unit 8, the write-and-verify (WA/) 
routine shown in Fig. 2 starts. The W/V command is 
the instruction for the storage apparatus RR to write 
a data indicative of the original information on the sur- 

20 face of the recording medium 1 and then to read the 
written data to ensure that the data is written properly. 

At step S12, the control unit 6 produces a signal 
for actuating the R/W head 2 to move or seek to the 
destination track within a main recording area of the 

25 recording medium 1 . The main recording area is used 
for miting information data, as described above. Then 
the operation advances to step S13. 

At step S1 3, the control unit 6 receives an original 
signal So representing original information transmit- 

30 ted from the host computer through the interface unit 
8 and then transmits the received original signal So to 
the data buffer storage 7, in which the transmitted 
original signal So is stored. Then, the operation adv- 
ances to step S14. 

35 At step S14, when the R/W head 2 confronts a 
destination sector to be written, a signal indicative of 
detection of the destination sector is produced. Then, 
the operation advances to step S15. 

At step S1 5, the original signal So corresponding 

40 to one sector is taken outfrom the data buffer storage 
7 and is modulated by the signal processing unit 5 to 
signal Sm. Based on such modulated signal Sm, the 
first sector of "m" sectors is written by the information. 
It is to be noted that "m" is an integer and is deter- 

45 mined according to the capacity of the data buffer 
storage 7. Then, the operation advances to step S16. 

At step S16, it is judged whether "m" sectors are 
written, or not When it is judged "NO", the operation 
returns to step S1 5 to write the next sector in a similar 

so manner to that described above. 

At step S17, the R/W head 2 moves back to the 
track which is the same track as that accessed at step 
S12. Then, the operation advances to step S18. 
AT step S18, R/W head 2 again accesses the 

55 sector which is the same sector as that accessed at 
step S15. Then, the operation advances to step S19. 

At step S19, the data recorded in the destination 
sector is read out by the R/W head 2 to obtain a repro- 
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duced data Sr. The read data is verified in a known 
manner to detect whether or not the read data con- 
tains an error. One example of the verification is exp- 
lained below. Based on the error correcting code 
included the reproduced data Sr, the error bytes of the 5 
read sector are detected. When the detected error 
bytes are beyond the half of error correcting capacity 
of the error correcting code, it is judged that verify 
error has occurred on the read sector. 

Next, at step S20, according to the result of the 10 
verification at step S19, it is judged whether or not any 
write error has occurred on the verified sector. When 
it is judged that the verified sector has an error, the 
verified sector, which is regarded as a defect sector, 
is registered at step S21 . The registration of the defect 15 
sector is carried out by storing the address of the 
defect sector in the defect sector storage buffer 9. 
Then, the operation advances to step S22. 

when it is judged as "No" at step S20, meaning 
that the data in the verified sector is properly written, 20 
without any error, the operation advances to step S22. 

At step S22, it is judged whether all of "m" sectors 
are verified, or not. When it is judged "NO", the oper- 
ation returns to step S19 to verify the next sector. 

At step S23, it is judged whetherthe defect sector 25 
storage buffer 9 has any sector address stored the- 
rein, or not. If "Yes", the operation advances to step 
S24. 

At step S24, the addresses stored in the defect 
sector storage buffer 9 are read out sequentially. 30 
Each time the address representing the defect sector 
is read out, the original data that should be stored in 
the defect sector is fetched from the data buffer 7 and 
is stored in a spare sectors in the secondary recording 
area of the recording medium 1. After such rewriting 35 
the original data to the substitution sectors in the sec- 
ondary recording area, the addresses stored in the 
defect registration buffer storage 9 are deleted. 

Furthermore, when it is judged as "No" at step 
S23, meaning that no data writing error occurred, the 40 
operation advances to step S25. 

At step S25, it is judged whether the above oper- 
ation (Steps S12 to S25) is carried out for "k" blocks 
(one block containing "m" sectors), or not. After step 
S25, the routine terminates. 45 

In the embodiment described above, the sector 
number "m" contained in one block is selected, for 
example, to be between 20 to 1 00. If the defect sector 
occurs at a rate of 1 0 percent, there will be about 2 to 
1 0 defect sectors. Even with such a plurality of defect 50 
sectors, all it is necessary, according to the present 
invention, is to make one movement to rewrite the 
data that should be written in the defect sectors in the 
substitution sectors in the secondary recording area. 

Thus, the actual time for writing/reproducing the 55 
information on and from the recording medium 1 is 
substantially reduced. 



Second embodiment 



Referring to Fig. 3, a flow chart of a second embo- 
diment of the present invention is shown. When com- 
pared with the flow chart of Fig. 2, steps S27 and S28 
are inserted after step S21 , and step S25 is shifted be- 
tween steps S22 and S23. At step S27, it is detected 
whether or not the number "d", representing the num- 
ber of defect sectors as stored in the defect regis- 
tration buffer storage 9, is greater than a 
predetermined number "n" which is selected to be a 
relatively great number and is determined according 
to the capacity of the defect reg istration buffer storage 
9. At step S28, the data that should be stored in the 
defect sectors are stored in the substitute sectors, as 
in a manner similar to step S24. 

In operation, during the recording of one block 
containing "m" sectors (which is through steps S12 to 
S22), the addresses of the defect sectors are stored 
in defect registration buffer storage 9. If the number of 
addresses stored in defect registration buffer storage 
9 is less than "n", which is likely to happen, the record- 
ing of the next block takes place without rewriting the 
data of the defect sectors in the substitute sectors, 
i.e., without passing through step S28. Then, after 
repeating the steps S1 2 to S22 for a number of blocks 
and when the number of addresses stored in defect 
registration buffer storage 9 becomes equal to "n", 
step S28 takes place to rewrite the data of "n" defect 
sectors in "n" substitute sectors. 

During the recording of the last block, it may hap- 
pen that the number of addresses stored in defect 
registration buffer storage 9 is less than "n". In this 
case, the operation proceeds through steps S27, S22, 
S25 to step S23. Since there are a number of addres- 
ses of the defect sectors still remaining in defect regi- 
stration buffer storage 9, the program goes to step 
S24 to rewrite the data of defect sectors in the substi- 
tute sectors. 

According to the second embodiment, it is not 
always necessary to proceed the rewrite step S28 in 
each one-block recording. The rewrite step S28 may 
take place once after a number of blocks are recor- 
ded. Thus, the time for writing/reproducing the infor- 
mation on and from the recording medium 1 is more 
reduced when compared with the first preferred 
embodiment. 

Although the present invention is described with 
reference to the optical disk, the present invention is 
also applicable to any other information storage 
apparatus which uses any recording medium suitable 
for data storage such as the magnetic disk, card, or 
tape. 

Although the present invention has been fully 
described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the art. 
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Such changes and modifications are to be understood 
as included within the scope of the present invention 
as defined by the appended claims unless they depart 
therefrom. 



1. An information data storage apparatus (RR) for 
storing one or more blocks of information data, 
each block having a plurality of sections, on a 
recording medium (1) having first and second 
recording areas, said apparatus comprising: 

a first data storing means (7) for storing 
said information data in sections; 

a write/read means (2) for writing and 
reading said informationdata on and from said 
recording medium (1); 

an defect detection means for detecting a 
writing defect within the data written on said 
recording medium and for nominating a section 
that has a writing error as a defect section; 

a second data storing means (9) for storing 
identification data representing the defect sec- 
tions; and 

a control means (6) for controlling said 
write/read means (2) such that said write/read 
means (2) is moved to said first recording area for 
recording at least one block of said information 
data, and that said write/read means (2) is moved 
to said second recording area for sequentially 
recording the information data of the defect sec- 
tions as identified by said second data storing 
means (9). 

2. An information storage apparatus as claimed in 
Claim 1, further comprising: 

a defect number detecting means (step 
S21) for detecting the number of defect sections 
stored in said second data storing means (9); 

and wherein said control means (6) con- 
trols said write/read means (2) to move to said 
second recording area after said detected defect 
section number becomes greater than a predeter- 
mined number. 
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Fig. 3 WRI TE -AND - VERIFY ROUTINE 
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Fig. 5 PRIOR ART 
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